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Objective. This study was conducted to 
determine whether trained male rescuers 
could maintain adequate chest compres-
sion depth (CCD) for longer than the cur-
rent recommended guidelines of 2 minutes.
Methods. Forty male medical doctors ad-
ministered a 5-minute single rescuer car-
diopulmonary resuscitation (CPR) to a 
manikin on the floor with conventional 
CPR or randomly administered continu-
ous chest compressions (CCC). The ratio 
of compression to ventilation was set to 
30:2 with mouth-to-mouth technique dur-
ing conventional CPR. Chest compression 
data were recorded with an accelerometer 
device and divided into 1-minute segments 
for analysis.
Results. Although average CCD main-
tained the recommended depths through-
out 5 minutes in conventional CPR, it de-
creased significantly with CCC (1 minute: 
55.4 ± 4.5 mm; 2 minutes: 54.2 ± 5.4 mm; 
3 minutes: 52.6 ± 5.6 mm; 4 minutes: 51.6 
± 5.5 mm; 5 minutes: 49.9 ± 5.8 mm, p < 
0.001). The average chest compression 
numbers (ACCN) per minute were main-
tained over 80/min and have not been 
changed significantly within 5 minutes in 
the CCC. However, it didn’t reach to the 
80/min and decreased significantly after 
3minutes compared to the baseline ACCN 
during first 1-minute segment in the con-
ventional CPR.
Conclusions. Despite the chest compres-
sion providers being limited to trained 
male medical doctors, the average CCD 
decreased significantly within 5minutes 
with CCC. Although maintaining adequate 
CCD, ACCN in each minute decreased sig-
nificantly after 3minutes in the convention-
al CPR. Therefore, we should rotate chest 
compression providers every 2minutes re-
gardless of the rescuer’s qualifications and 
CPR methods.
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INTRODUCTION
The 2015 cardiopulmonary resuscitation 
(CPR) guidelines recommend that the 
chest compression providers should rotate 
every two minutes or sooner. (1)This is 
because chest compression depth (CCD) 
starts to deteriorate significantly after 1.5 
to 2 minutes of continuous chest compres-
sions (CCC). (2) On the other hand, CCD 
decreases more slowly when the chest 
compression provider uses the conven-
tional CPR method with a compression to 
ventilation ratio of 30:2. (3) Therefore, the 
chest compressor could maintain adequate 
CCD for a longer period with conventional 
CPR. However, it has not yet been revealed 
how long we can maintain adequate CCD 
with conventional CPR. In addition, chest 
compression quality could be affected by 
many factors, such as rescuer’s gender, 
body weight, qualifications, and muscular 
fitness. (4-8) If we could restrict the chest 
compression provider to trained male 
rescuers, the chest compression quality 
might be improved. We hypothesized that 
trained male rescuers could maintain ad-
equate CCD for longer than the current 
recommended guidelines of 2 minutes. 
This study was conducted to confirm our 
hypothesis in two different CPR methods: 
conventional CPR and CCC.
METHODS
Study design
This was a prospective randomized trial 
comparing the quality of chest compres-
sion between CCC and conventional CPR 
performed by trained male rescuers. The 
trial design was approved by the Institu-
tional Review Board of our hospital. All 
participants gave their written informed 
consents before the trial.
Study setting
The trial was conducted using an adult 
cardiac arrest simulation. The simulation 
scenario assumed that a visitor to our hos-
pital suddenly collapsed in a hospital cor-
ridor. Therefore, the simulation was con-
ducted on the floor. A Little Anne (Laerdal 
Medical, Stavanger, Norway) was used as a 
simulated cardiac arrest patient. The study 
participant assumed the role of a bystander 
performing single rescuer CPR until ar-
rival of the CPR team. The simulation time 
was set at 5minutes considering the aver-
age CPR team activation time.
As study participants, we recruited male 
medical doctors from our hospital’s CPR 
team who had completed a basic life sup-
port course and an advanced cardiovas-
cular life support course within the last 2 
years. The participants were randomly al-
located to group A or B. The participants 
of group A performed a 5-minute conven-
tional CPR and the participant of group B 
performed a 5-minute CCC in the same 
setting. The mouth-to-mouth technique 
with a face shield was used as a ventila-
tion method during conventional CPR. 
The chest compression to ventilation ra-
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tio was set to 30:2 according to the 2015 
CPR guidelines. (9) The compression pa-
rameters were collected using CPRmeter 
(Laerdal Medical) and the data were di-
vided into 1-minute segments for analysis 
by using Q-CPR Review V.3.1. software 
(Laerdal Medical).
Statistical analysis
The sample size was calculated using an av-
erage CCD as a primary outcome variable. 
We hypothesized that the average CCD 
of CCC was as much as 10% lower than 
that of the conventional CPR. In a previ-
ous study, the average CCD was 53.9 ± 5.8 
mm. (10) We set the two-sided significance 
level at 0.05, the power of the test at 80%, 
and the allowable difference at 5.39 mm. 
The minimum number of participants was 
determined as 19 in each group using a 
web program (sample size calculator: two 
parallel-sample means). (11)
All statistical analyses were performed 
using IBM SPSS Statistics, version 23.0 
(IBM Corp., Armonk, NY, USA). The 
continuous variables were presented as 
the mean ± standard deviation (SD), and 
the categorical variables expressed as per-
centages. The Friedman test was used to 
determine whether the average chest com-
pression parameters in 1-minute segments 
changed significantly for 5minutes. The 
Mann-Whitney U-test was used to com-
pare data between two groups. In addition, 
the Wilcoxon signed-rank test was used 
for statistical comparisons in average chest 
compression numbers (ACCN) per minute 
over consecutive 1-minute segments com-
pared to baseline ACCN during the first 
1-minute segment. A p value < 0.05 was 
considered statistically significant.
RESULTS
A total of 40 male medical doctors were re-
cruited and randomly assigned to Group A 
or B. There were no significant differences 
in the baseline characteristics between the 
two groups (table 1).
Comparisons of chest compression param-
eters during 5 minutes
Both groups achieved adequate CCD dur-
ing 5minutes without significant difference 
(Group A: 54.7 ± 4.7 mm, Group B: 52.6 
± 5.0 mm, p = 0.192). The average chest 
compression rate was also adequate with-
out significant difference (Group A: 116.0 
± 11.8, Group B: 116.4 ± 8.9, p = 0.883). As 
expected, total chest compression numbers 
between the two groups were significantly 
different (Group A: 376 ± 35.9 compres-
sions, Group B: 585.4 ± 44.1 compressions, 
p < 0.001). As a result, ACCN in each min-
ute was significantly higher in the CCC 
than in the conventional CPR (117.1 ± 8.8 
vs. 75.2 ± 7.2 number/min, respectively, p 
< 0.001). However, average flow time in the 
conventional CPR group was greater than 
60% and considered adequate by current 
standards (64.8 ± 4.0%). (9)
Changes in chest compression parameters 
over consecutive 1-minute segments
Although average CCD maintained the 
recommended depths throughout 5min-
utes in conventional CPR (1 minute: 54.8 
± 5.3 mm; 2 minutes: 55.0 ± 5.2 mm; 3 
minutes: 54.9 ± 5.2 mm; 4 minutes: 54.7 
± 4.8 mm; 5 minutes: 54.5 ± 4.3 mm, p = 
0.974), it decreased significantly with CCC 
(1 minute: 55.4 ± 4.5 mm; 2 minutes: 54.2 
± 5.4 mm; 3 minutes: 52.6 ± 5.6 mm; 4 
minutes: 51.6 ± 5.5 mm; 5 minutes: 49.9 
± 5.8 mm, p < 0.001, table 2). As a result, 
the average CCD in the CCC was signifi-
cantly lower than that of the conventional 
CPR after 4-minutes (Group A: 54.5 ± 4.3 
mm, Group B: 49.9 ± 5.8 mm, p = 0.013, 
figure1). The ACCN per minute were 
maintained over 80/min and have not been 
changed significantly within 5 minutes in 
the CCC (1 minute: 116.0 ± 7.3; 2 minutes: 
117.2 ± 8.1; 3 minutes: 116.8 ± 9.9; 4 min-
utes: 117.5 ± 9.9; 5 minutes: 117.3 ± 10.5, p 
= 0.553, figure 2). However, it didn’t reach 
80/min in the conventional CPR (1 min-
ute: 79.3 ± 11.5; 2 minutes: 75.0 ± 8.0; 3 
minutes: 74.8 ± 9.8; 4 minutes: 73.6 ± 7.9; 
5 minutes: 74.6 ± 9.1, p = 0.139, figure 2). 
In addition, it decreased significantly after 
3minutes compared to the baseline ACCN 
during the first 1-minute segment in the 
conventional CPR (1 minute vs. 4 minute: 
79.3 ± 11.5 vs. 73.6 ± 7.9, p = 0.007; 1 min-
ute vs. 5 minute: 79.3 ± 11.5 vs. 74.6 ± 9.1, 
p = 0.036).
Table 1. Baseline characteristics of the study participants
Characteristics Group A (n=20) Group B (n=20) p-value
Age (year) 27.6 ± 3.7 27.6 ± 3.0 0.989
Height (m) 1.772 ± 0.053 1.752 ± 0.062 0.301
Weight (kg) 73.9 ± 10.7 76.2 ± 8.0 0.265
Body Mass Index (kg/m2) 24.6 ± 3.4 26.5 ± 3.1 0.072
Data are presented as mean ± SD
Table 2. Changes in average compression depth and average compression rate during the tests
Parameters 1 min 2 min 3 min 4 min 5 min p-value
Conventional cardiopulmonary resuscitation
Average CCD (mm) 54.8 ± 5.3 55.0 ± 5.2 54.9 ± 5.2 54.7 ± 4.8 54.5 ± 4.3 0.984
Average CCR (numbers/minute) 115.5 ± 9.5 116.2 ± 11.2 115.8 ± 12.4 116.4 ± 12.6 116.7 ± 13.6 0.721
Continuous chest compressions
Average CCD (mm) 55.4 ± 4.5 54.2 ± 5.4 52.6 ± 5.6 51.6 ± 5.5 49.9 ± 5.8 <0.001
Average CCR (numbers/minute) 115.7 ± 7.7 116.4 ± 8.1 116.2 ± 9.8 116.8 ± 9.9 117.4 ± 10.3 0.498
CCD, chest compression depth; CCR, chest compression rate.
p < 0.05 is presented in bold.
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DISCUSSION
We can improve survival after cardiac ar-
rest by maintaining high-quality CPR (e.g., 
adequate rate, adequate depth, allowing 
full chest recoil, minimizing interruptions 
and avoiding excessive ventilation). (9) 
Therefore, we should try to achieve these 
goals during CPR.
Recently, many factors affecting quality of 
CPR, especially adequate CCD and chest 
recoil have been identified. (5-7,12-19) In 
summary, the weight of the provider can 
impact the quality of CPR: being under-
weight has a negative effect on achieving 
adequate depth and being overweight has a 
negative effect on allowing full chest recoil. 
(5,13,16) In addition, greater muscular 
strength has a positive effect on achieving 
adequate depth. (6,7,14) If we can organ-
ize CPR teams that satisfy these conditions 
(e.g., limiting CPR team members to male 
rescuers who have normal body weight 
and greater muscular strength), we can 
improve the quality of CPR. (12)
This study was conducted to confirm 
whether we could maintain adequate CCD 
for a sufficient time by limiting chest com-
pression providers to trained male medical 
doctors using two different CPR methods 
(Conventional CPR vs. CCC). Based only 
on the result of conventional CPR, it might 
seem that our hypothesis was true. Al-
though the rescuers of the previous study 
did not maintain adequate CCD beyond 
1minute with CCC, the study participant 
of our study (male medical doctors) main-
tained adequate CCD beyond 1minute 
with CCC. (8) However, CCD decreased 
significantly within 5minutes even though 
we limited the chest compression provid-
ers to trained male medical doctors (figure 
1).
By limiting chest compression providers to 
trained male medical doctors, we achieved 
an adequate chest compression fraction 
(64.8 ± 4.0%). Current guidelines recom-
mend performing CPR with the goal of 
the chest compression fraction being as 
high as possible; the target should be at 
least 60%. (9) However, the ACCN in each 
minute did not reach 80 throughout the 
5minutes with conventional CPR and de-
creased significantly after 3minutes (figure 
2). Previous study reported that the higher 
chest compression rates were significantly 
correlated with return of spontaneous cir-
culation. (20) Average chest compression 
rates of the survivors were significantly 
higher than the non-survivors (90 ± 17 
versus 79 ± 18 compressions per minute). 
(20) Therefore, in our study, the ACCN 
in each minute during conventional CPR 
failed to reach the adequate compression 
number. In addition, significant decrease 
of the ACCN in each minute after 3min-
utes might be caused by the rescuer’s ac-
cumulated fatigue.
The present study has several clinical im-
plications. First, CCD decreased signifi-
cantly within 5minutes with CCC despite 
limiting the chest compression provider to 
a trained male medical doctor. Therefore, 
we should rotate chest compression pro-
viders according to the current guidelines 
regardless of the rescuer’s qualifications. 
Second, conventional CPR could not pro-
vide adequate chest compression numbers 
in each minute despite limiting the chest 
compression provider to a trained male 
medical doctor. In addition, ACCN in each 
minute decreased significantly after 3min-
utes. Therefore, we should also rotate chest 
compression providers in the conventional 
CPR regardless of the rescuer’s qualifica-
tions.
Our study had several limitations. First, 
the study design did not include CPR 
conducted by the trained female medi-
cal doctors or other types of rescuers. 
Therefore, our result could not confirm 
our hypothesis clearly; trained male res-
cuers could maintain adequate CCD for 
a longer period. Second, the data were 
measured using simulation models with 
manikins and accelerometer devices, and 
thus may have limited applicability to hu-
man patients. Third, the condition of the 
study participants was only restricted by 
gender. Although body weight and mus-
cular strength of the rescuers could affect 
compression qualities, we could not con-
trol these conditions because of the small 
number of CPR team members.
Figure 2. Changes in average chest compression numbers per 
minute over consecutive 1-minute segments compared to baseline 
average chest compression numbers during first 1-minute segment 
in the two groups.
Black line: conventional cardiopulmonary resuscitation. Grey 
line: continuous chest compressions. The lines display the mean, 
and the error bars indicate ± SD.
*p < 0.05.
Figure 1. Changes in average chest compression depths calculated 
at 1-minute intervals in the two groups.
Black line: conventional cardiopulmonary resuscitation. Grey 
line: continuous chest compressions. The lines display the mean, 
and the error bars indicate ± SD.
*p < 0.05.
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CONCLUSIONS
Despite the chest compression providers 
being limited to trained male medical doc-
tors, the average CCD decreased signifi-
cantly within 5minutes with CCC. Despite 
maintaining adequate CCD, ACCN in 
each minute decreased significantly after 
3minutes in the conventional CPR. There-
fore, we should rotate chest compression 
providers every 2minutes regardless of the 
rescuer’s qualifications and CPR methods.
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